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Description 

Background Of The Invention 

Technical Field Of the Invention 

[0001] The present invention relates to systems that 
require the periodic removal or replacement of consum- 
able elements, usually through a process of user inter- 
vention. A common example exists in printer engines 
and in particular, electrophotograpic systems in which 
all of the consumable supplies and critical reproduction 
elements must be periodically replaced to ensure print 
quality and performance. This invention relates to a 
method for calibrating a spatial light modulator printing 
system. 

Background of the Invention 

[0002] The requirement for hardcopy output is a ubiq- 
uitous element of the information revolution. In particu- 
lar, electrophotography has become one of the most 
widely used systems and the dry toner process, also 
known as electrophotography, is a standard for creating 
copies and prints of documents in a host of environ- 
ments. The basics of electrophotography are well 
known to those skilled in the art. The fundamental ele- 
ments of a electrophotographic printer or copier include 
a photo sensitive medium.typically an organic photore- 
ceptor (OPC), which is charged electrostatically to a pre- 
determined voltage and polarity. Upon exposure to an 
optical image, generated by reflection or a light modu- 
lating system, portions of the originally uniform electro- 
static charge on the OPC are erased where illuminated. 
Thus an electrostatic latent image of the original (or the 
electronic) document is created on the OPC. In most 
modern systems, this image is passed by a source of 
developer materials which consists of electrostatically 
charged toner particles held to ferromagnetic carrier 
beads. The carriers are used to facilitate the transport 
of the materials into contact with the above mentioned 
latent image through the action of magnetic fields and 
rotating magnets within sleeved cylinders, typically 
called developer rollers. Through a designed interplay 
of electrostatic charges, the toner particles that are typ- 
ically in the 10 micron diameter range, are separated 
from the carrier beads, typically 50 micron diameter par- 
ticles, and retained in-place on the appropriate portions 
of the latent image resident on the OPC surface. The 
magnetic forces associated with the developer rollers 
carry the depleted ferromagnetic carrier beads back to 
the position where they are re-mixed with additional ton- 
er for development of subsequent images 
[0003] As is well known, the toner materials are nor- 
mally plastics with flow promoting agents, charge con- 
trol agents, and color pigments which melt at a prede- 
termined temperature. The OPC surface then carries a 
developed latent image after exiting the proximity of the 



developing roller. Subsequently, the photoreceptor sur- 
face carrying the developed image is brought into con- 
tact with an image receptor, which in most common ap- 
plications of electrophotography is a sheet of paper, but 
5 may be an intermediate material suitable for the build- 
up of multiple pigmented images as required for color 
printing. Electrostatic charging systems are typically 
used to transfer the toner from the OPC to the image 
receptor. 

10 [0004] Whether the final image bearing member is ul- 
timately paper or an other material, it can be succes- 
sively operated on by multiple photoreceptors, a single 
photoreceptor, or an image bearing intermediate mem- 
ber to build up the full color image. It exits the printing 

15 process through a station referred to as the fuser, where 
the appropriate heat and/or pressure is applied to the 
image receptor and thereby fixes the image permanent- 
ly. 

[0005] in recent years, color electrophotographic sys- 

20 terns have been developed, which in most respects re- 
peat the conventional monochrome electrophotograph- 
ic printing process multiple times to achieve a color im- 
age. In a manner analogous to standard color printer 
processes using conventional printing arts, the images 

25 are reduced to color separations either optically or elec- 
tronically, and each of the separations is in turn rendered 
as a printed image. During the printing process, whether 
offset press or color electrophotographic printer, the ap- 
propriate color images are overlaid to produce a finished 

30 image. The color inks used in printing are so-called sub- 
tractive primaries,magenta, cyan, yellow, and typically 
black, as opposed to the red, green, blue colors experi- 
enced in the world of emissive soft display systems.such 
as CRTs. The latter are termed additive systems where 

-35 the combination of all colors produces white, as op- 
posed to the case of printing where the combination of 
the three subtractive primaries nominally produces 
black. 

[0006] It is known in the art of color electrophotogra- 

*o phy that the color image may be created by layers built 
up on the photoreceptor in sequential fashion, that the 
colors may be built up on an intermediate transfer me- 
dium between the OPC and the final image receptor, 
and finally the image may be built up on the final image 

45 receptor one color field at a time, either from a single 
photoreceptor sequentially contacting the image recep- 
tor, or a series of photoreceptors sequentially contacting 
the image receptor. No matter how it is accomplished, 
the final electrophotographic image is composed of mul- 

50 tiple layers of colored toners consisting of the subtrac- 
tive primaries and black, which are overlaid in a highly 
registered manner through every step of the process un- 
til the completed image is fused to the image bearing 
member at the conclusion of the printing process. 

55 [0007] Conceptually, color electrophotography is sim- 
ilar to conventional offset printing but there are signifi- 
cant advantages in the creation time and the economics 
for the color electrophotographic printer. In the commer- 
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cial printing environment several intermediate steps of 
color separation and plate making are required, and a 
short run of several hundred prints is needed for a 
trained specialist to calibrate, registrate, and color man- 
age the image to production standards. In color electro- 
photography, a print can be obtained without the inter- 
mediate steps in a very short period of time and with 
very low cost per copy, but there is typically no ability by 
the user to make precise adjustments and achieve op- 
timal output quality. 

[0008] While in the prior art of color electrophotogra- 
phy, acceptable color images could be obtained by the 
design of extremely precise and relatively expensive 
printer systems, a natural aging of the mechanical com- 
ponents maintaining registration and other print factors, 
combined with the wear and degradation of the consum- 
able components such as the OPC, toner, and develop- 
er, have led to a critical maintenance issue in prior art 
full color electrophotographic systems. The complexity, 
and the high cost of maintenance of these machines has 
been one of the principle factors in keeping cost of such 
systems very high with the respect of the cost of mono- 
chrome printers, and made them less attractive than the 
inconvenient, but undeniably high quality, conventional 
offset printing and photographic methods of reproducing 
color images. 

[0009] The notable success of the desk top mono- 
chrome laser printers introduced in the early '80's can 
be ascribed to a number of factors. One of the most sig- 
nificant is the development of a user replaceable car- 
tridge for the consumable elements, typically compris- 
ing the OPC, toner, and developer assembly. Since 
most of these systems use monocomponent toners, the 
inclusion of ferrite carriers in the additional complexity 
of properly managing the replenishment of the develop- 
er mix are not an issue for the typical desk top machines. 
The significant feature of the cartridge is that with a lim- 
ited lifetime, typically a few thousand pages, a relatively 
inexpensive and not incredibly precise disposable car- 
tridge could be deployed in a format that is readily inter- 
changeable by the unskilled user/operator. 
[0010] The effect is that the consumable or wear 
prone components of the otherwise esoteric electropho- 
tographic printing process are periodically replaced, in 
effect rendering a like-new print engine with every car- 
tridge replacement. In this manner print quality for the 
monochrome systems has achieved new standards of 
convenience and constancy. By so doing, one of the 
most disturbing facets of office life of the 80's, the ne- 
cessity to replace consumable components in the cop- 
ier, has been reduced from a messy and difficult task to 
a simple straight forward, efficient interchange. The 
down time, necessity for service calls, associated serv- 
ice and periodic maintenance cost, and inconvenience 
to the user have been drastically modified by this ap- 
proach. A further advantage lies in the fact that the re- 
placeable cartridge contains an engineered system of 
matched components of known origin, consistency, and 



performance expectations. The user could comfortably 
rely on the fact that simply replacing the cartridge would 
restore everything to as purchased performance and 
quality. Likewise, the disposal of the used products be- 
5 came similarly convenient because of the encapsulated 
nature of the design and enclosure of the sum of the 
consumable elements. In recent times, environmentally 
conscious manufacturers and market makers have pro- 
vided a self-return mailer and or credit for consumed 

io cartridges to promote an environment of ecologically 
sound use and disposal of the not necessarily toxic, but 
certainly inconvenient and messy residue of the used- 
up electrophotographic cartridge. 
[0011] Compared to the conventional office copier 

is with skilled service requirements.and bottle type toner 
addition, the cost per copy of the convenience provided 
by the disposable cartridge packaging has increased 
slightly. The benefit of the convenience factor and the 
quality and performance factors and the reduction of 

20 preventative maintenance provided by service contract 
have more than offset the small cost per copy increment. 
The total cost of operation of these systems has been 
competitive, and the user replaceable cartridge concept 
has been embraced by the industry. 

25 [00 1 2] The desirability of extending the benefits of the 
user replaceable cartridge of consumable and wear 
prone components to the color EP arena is obvious. Sig- 
nificant barriers to doing so exist, however. The mono- 
chrome desk top laser printers represent vastly simpli- 

30 fied version of the EP process compared to color sys- 
tems. The former usually incorporates a simpler devel- 
oper system using monocomponent toner (MCT) with 
no carrier beads.while color systems require the added 
complexity of dual component toners (OCT) to obtain 

35 color quality and image performance. The black and 
white printers usually operate to produce only binary 
dots (black or white), basically driving the OPC dis- 
charge well into saturation. Color systems generally re- 
quire gray scale latitude at each pixel to achieve good 

^o tonal range and color gamut, hence, a far more difficult 
process control requirement. Another major difference 
is the need to accurately register the successive color 
images onto the finished page, an aspect unnecessary 
in monochrome images. The respective color toner sup- 

*5 ply systems must be kept segregated to avoid color con- 
tamination. Color management software must be incor- 
porated to correctly manage the interplay of these and 
other parameters to achieve accurate color rendition 
and constancy from print -to-print. 

50 [0013] Just as the necessity of four successive color 
image implementations to achieve color output adds 
complexity to the process, it inevitably adds size, weight, 
and bulk. The concept of a single user removable car- 
tridge with all the essential color image forming hard- 

55 ware and consumable almost becomes unwieldy. There 
exists a need for a method to allow segmentation of the 
various operations and their respective elements, while 
maintaining quality control, compatibility, and the ability 
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to adopt the overall imaging process to the particular 
species, or condition of all of the individual elements tak- 
en as a group. 

[0014] It is evident that there exists a need for a sys- 
tem concept to control and manage the individual ele- 5 
ments of the EP process, regardless of their partitioning, 
to achieve good color print performance and economics 
across a range of conditions and variables. From the 
point of manufacture to the point of final disposal, sub- 
stantially more tracking and parametric data manage- id 
ment needs to be incorporated than exists in current 
monochrome or color printer systems. This applies to a 
broad range of technologies and media, from electro- 
photography, through ink-jet, dye and wax transfer sys- 
tems, filin-based systems and thermal media. is 
[001 5] EP-A-0 434 449 discloses a method for rebal- 
ancing the optical channels of a multichannel optical im- 
aging system from time-to-time while the imaging sys- 
tem is idle. To perform this rebalancing, the maximum, 
i.e. unmodulated and uncorrected, output intensities of 20 
the channels first are measured sequentially at a prede- 
termined sampling resolution. The maximum output in- 
tensity of that channel or channels which are determined 
to be operating at the lowest valid output intensity level 
is employed as a reference for looking-up or computing 25 
updated illumination and/or transmission correction val- 
ues for the channels that are found to be operating at 
greater intensity levels. Consequently, the output inten- 
sities of the more intense channels are reduced under 
the control of their updated correction factors, thereby 30 
causing them to operate at output intensity levels more 
closely corresponding to the intensity of the less intense 
channel or group of channels. 
[001 6] EP-A-0 437 766 discloses a spatial light mod- 
ulator printing system and method of operation. An ex- 35 
posure unit is constructed with an integral unmodulated 
light source condensing light onto a substrate containing 
a multirow set of deflectable mirrors. The deflection of 
each mirror is controlled by electronic circuitry estab- 
lished on the same monolithic integrated substrate. The <o 
substrate is arranged with mirror elements which can be 
adjusted easily during assembly to eliminate time con- 
suming construction or maintenance routines. An optic 
structure using integral light baffles and deflection edg- 
es, assures the proper contrast and light energy level at 45 
the image. In the case of multiple rows of pixels, the on- 
chip circuitry acts to reregister the spatially separated 
images through a suitable time delay. The formation of 
printed images of suitable uniformity and quality is 
achieved by the incorporation of an overlap factor rela- so 
tive to the multiple rows of pixels as defined on the in- 
tegrated substrate. 

[0017] WO-A-91/15843 discloses a method for visu- 
ally compensating for a faulty pixel in a spatial light mod- 
ulator of a video display system, wherein the faulty pixel 55 
either fails to light when selected or continues to be lit 
when not selected. The brightness of at least one of 
those pixels which are immediately adjacent the faulty 



pixels is automatically adjusted so that a perception of 
a viewer is that the faulty pixel is not in fact faulty. 

Summary Of The Invention 

[0018] In accordance with the present invention, a 
method for calibrating a spatial light modulator printing 
system is provided which comprises the the steps de- 
fined in the claim. 

Brief Description Of The Drawings 

[0019] For a more complete understanding of the 
present invention and for further advantages thereof, 
reference is now made to the following Detailed Descrip- 
tion taken in conjunction with the accompanying Draw- 
ings in which: 

[0020] Figure 1 shows a side view of an intelligent 
printing system. 

[0021] Figure 2 shows a flow chart of the monitoring 
process. 

[0022] Figure 3 illustrates a single OPC electropho- 
tography subsystem. 

[0023] Figure 4 illustrates a multiple OPC electropho- 
tography subsystem. 

[0024] Figure 5 shows a flow chart of the maintenance 
process. 

[0025] Figure 6 shows a hand-held unit that allows 
communication with an intelligent printing system. 

Detailed Description Of The Preferred Embodiments 

[0026] Figure 1 shows a block diagram of a printing 
system 110. The housing 112 in this embodiment com- 
prises molded plastic, unitary except for an access pan- 
el 114. This type of housing is disclosed in U.S. Patent 
No. 5,172, 161, "Unibody Printing System and Process. 
w The plastic is molded with arms, shelves or slots, al- 
lowing the individual subsystems 120, 130, 140, and/or 
individual components within the subsystems to be in- 
serted into place already aligned and properly seated. 
[0027] The subsystem 120 is the light-imaging sub- 
system. It contains at least the light source 118, a mod- 
ulator 128, electronic control circuitry 126, power supply, 
network interfaces, if used, and access 116 to the basic 
paper path. Port 1 22 allows the electronic control circuit- 
ry, referred to here as the system processor, to interface 
with the computer system to receive image data and 
process it into commands for the light-imaging subsys- 
tem. The light source could be one of many options. 
Some examples could be an arc lamp, such as a tung- 
sten source, light-emitting diode (LED) or a laser. The 
modulator could be the polygon scanning mirror that is 
currently used in laser printers, or a spatial light modu- 
lator (SIM), such as the digital micromirror device 
(DMD). An example of a light-imaging system using a 
spatial light modulator can be found in U.S. Patent No. 
5,072,239, "Spatial Light Modulator Exposure Unit and 
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Method of Operation." 

[0028] The light-imaging subsystem forms the print in- 
formation into an image to be eventually formed onto 
paper. The spatial light modulators used is such sys- 
tems typically consist of arrays of individually address- 5 
able elements, which form the image. The image is 
passed through port 1 1 6 to the electrophotography (EP) 
subsystem 130. The unused portion of the light will "re- 
main" or be absorbed in the light-imaging subsystem 
housing to maintain print clarity. An additional utilization 10 
of this light in conjunction with a photocell as a way to 
monitor the spatial light modulator will be discussed in 
detail later. One such method for managing the unused 
light is shown in US Patent No. 5,101 ,236, "Light Ener- 
gy Control System and Method of Operation." 15 
[0029] Another communications port exists besides 
the transfer port 116. Electronic communications is 
maintained through port 122, between the light-imaging 
system 120 and EP subsystem 130. EP subsystem 130 
contains at least one photoreceptive surface, such as 20 
an organic photoreceptor (OPC) currently in use in 
many printing systems. It also contains the needed toner 
reservoir or reservoirs, and a processor or control cir- 
cuitry that allows the EP subsystem to act as an intelli- 
gent or "smart" cartridge. 25 
[0030] At a minimum the EP subsystem will contain 
an OPC 132, a charging means 136, an interface 116 
between the OPC and the light-imaging subsystem a 
toner transfer means 138, an interface 144 between the 
OPC and the printing substrate, and a cleaner 134 to 30 
clean the OPC. Here the system is shown with an OPC 
1 32 which receives charge from a charge roller 1 36. The 
charged surface of the OPC passes under the interface 
116 between the light-imaging subsystem and receives 
a latent image, where the charge on the OPC alters 35 
when impinged by light. The latent image then attracts 
toner, which in this example is passed by a magnetic 
roller 138. The image having been formed on the OPC 
by the toner is transferred to the printing substrate at the 
second interface 1 44. After the toner is passed onto the w 
printing substrate, it is cleaned off of the OPC usually 
by some type of blade 1 34, and the used toner goes into 
a reservoir. 

[0031 ] Not shown is a fuser, which fuses the toner im- 
age onto the paper, preventing smearing. This is typi- *5 
cally done by means of a heated roller system, with the 
heat sealing the toner (typically some type of plastic) 
particles by melting them into the paper. 
[0032] Subsystem 140 is the printing substrate sub- 
system. Printing substrates are those surface upon so 
which the final image is transferred by toner from the 
photoreceptor. Common examples are paper, photo- 
graphic paper for the printing of photographic images, 
and transparencies. A belt may be used for multiple 
transfers within the system, or as shown here, a pickup 55 
roller 146 may be used. One possible way to interface 
between the substrate subsystem and the EP subsys- 
tem is to have an opening or port such as port 144 where 



the substrate passes by the photoreceptor which trans- 
fers the toner to the substrate. The loading and trans- 
porting of the substrate is handled in the substrate sub- 
system. Fusing can be either in the EP subsystem or 
the substrate subsystem. Note that while these three 
subsystems are shown in separate blocks, that is merely 
to facilitate understanding of the functions of the sys- 
tems, not to imply that any or all of the components can- 
not be integrated into one system. 
[0033] The entire operation, from the commands ac- 
tivating the light-imaging subsystem to the substrate 
leaving the printer, has inherent non-linear characteris- 
tics. The discharge curve and light sensitivity character- 
istics of most photoreceptors are non-linear, as is the 
properties of most toner compositions. For high quality 
printing each and every component must be monitored 
and its status updated continuously to allow for maxi- 
mum performance. 

[0034] One process to achieve these goals is shown 
in the flow chart of Figure 2. The process begins when 
the printer is powered on in step 210, but as will be dis- 
cussed further, the process can restart at any point the 
designer desires. After the printer is on, the system tests 
the light source in step 211 . One possible way to do this 
is to use a photocell or photocell array, as previously 
mentioned. The light source illuminates a spatial light 
modulator array (SLM), for example, on which all ele- 
ments are OFF. The photocell receives light from all of 
the elements, measures the intensity and records 
which, if any. elements of the modulator are not func- 
tioning correctly, by identifying discrepancies between 
what should be received and what was received (re- 
ceived light when they are ail supposed to be OFF, or 
dark). The EP subsystem could then generate a map of 
the defective elements. 

[0035] The advantage of using a spatial light modula- 
tor consisting of rows of individually addressable ele- 
ments is that correction can be made for these defective 
pixels. The array is merely extended some predeter- 
mined number of rows in the process direction, by add- 
ing rows of elements. When a pixel is defective in a row, 
an operative pixel at the same column position in one of 
these extended rows can receive the data intended for 
the defective pixel and transfer the appropriate amount 
of light to the OPC. 

[0036] In step 212. the system measures the amount 
of toner remaining at power up and also calculates how 
much should be remaining. The calculation is based up- 
on the number of pixels formed at whichever gray levels 
were used. If there is a discrepancy between the actual 
measured amount, and the calculated amount, i.e. how 
much there is versus how much there should be, the 
system notifies the user in step 213. If there are no dis- 
crepancies, the process moves to step 214. 
[0037] The EP subsystem receives the data from the 
light and the power up toner tests. Various sensors from 
components in the system transmit information to the 
EP subsystem processor. Some components may be 
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active, with their own monitoring capabilities, others 
might be passive, for which the parameters must be cal- 
culated or sensed by the main processor. Examples of 
some of the parameters taken into effect are humidity, 
toner density, OPC diameter (some of it gets worn away 
from cleaning), fuser temperature, light output and pow- 
er fluctuations. In step 217, the processor then calcu- 
lates the exposure times necessary at different levels of 
intensity depending upon those characteristics. The EP 
subsystem communicates the information from the 
monitored processes to the system processor before 
the system processor receives the print data in step 218. 
[0038] Next the system processor calculates the toner 
necessary to form the printed images desired and veri- 
fies that it has enough, in step 219. If it does not, it no- 
tifies the user, as in step 220. The user response in step 
221 will dictate how the system must adjust the image 
to conserve toner, possibly by eliminating gray levels, 
or allowing the user only those levels for which it has 
enough toner. Additionally, it could limit the use of a giv- 
en color. One additional function that may occur is mon- 
itoring of the substrate supply and notification of the user 
if it has been depleted. 

[0039] The page is actually printed in step 222 and 
the EP subsystem updates its information in step 223. 
Such updates might include the number of revolutions 
of the OPC, or the amount of toner used. The process 
then repeats itself at one of many different places. Some 
of the parameters, such as the amount of toner remain- 
ing, need to be stored for use in the power up tests. 
These would be stored in some form of non-volatile 
memory. Other parameters may only be needed for the 
running time of that session. 

[0040] Depending upon the application of the system, 
it may be desirable to test the light source after each 
page, for example. The process could also repeat itself 
between various steps. Another possibility is to have it 
return to a different point depending upon how many 
times the process has run. For example, for the first ten 
pages it may return to step 214, and then return once to 
step 212. Every fifth time it returns to step 211. The en- 
tire process as shown in the flow chart is done by the 
EP subsystem and the system processor. 
[0041] Figure 3 shows a single OPC 132 color EP 
subsystem, similar to the EP subsystem shown in Figure 
1 . Instead of one toner reservoir, it has four 1 38a- 1 38d, 
for the three subtractive primary colors (magenta, cyan 
and yellow) and black. The image is created by succes- 
sive passes of the substrate, once for each color. The 
quality of the toners used and the registration of the sub- 
strate become additional parameters to be monitored by 
the system. 

[0042] Regarding light monitoring, the two-way port 
122 (from Figure 1) allows the light-imaging subsystem 
and the EP subsystem to communicate. The light-imag- 
ing subsystem knows how much light has been trans- 
ferred to the EP subsystem. The EP subsystem can 
monitor how much light is received, and be programmed 



to warn of any discrepancies between the two, indicating 
a misalignment or failing subsystem. Additionally, the 
EP subsystem can direct the light-imaging subsystem 
to adjust electronically for changing characteristics in 

5 other components, such as wear on the photoreceptor. 
Due to abrasion, the photoreceptor eventually loses 
some of its diameter, resulting in a slightly shifted image. 
The EP subsystem can direct the light-imaging subsys- 
tem to electronically adjust the image to its original spot. 

w [0043] One method of monitoring the light-imaging 
subsystem is to place a photocell or an array of photo- 
cells, or a charge-coupled device (CCD) array in the un- 
used light pathway. The photocell could also monitor the 
unused light and monitor the status of the spatial light 

'5 modulator in real time. This information would allow the 
system to correct for stuck elements, thereby providing 
a higher quality print image. 

[0044] If the system uses an array of light-emitting di- 
odes (LEDs), the photocell could be used to monitor the 

20 shades of gray. Using an LED array allows the system 
to have additional resolution than that obtained by the 
spatial light modulator by modulating the power of the 
LED (full. 1/2. 1/4, etc.). As each LED is turned on, a 
different shade of gray can be achieved by the system. 

25 The photocell can monitor the intensity of each level 
connected with various combinations of on LEDs. The 
subsystem would receive the amount of time necessary 
for each level, and take those times into account when 
adjusting exposures. Additionally, as previously men- 

30 tioned, the system could monitor the spatial light mod- 
ulator for stuck or non-responsive pixels and adjust ac- 
cordingly. 

[0045] In addition to the time for gray levels, the EP 
subsystem also will monitor the toner characteristics, 
35 the photoreceptor characteristics and wear, and the ton- 
er usage. The light information received that allows the 
EP subsystem to adjust the exposure times for achiev- 
ing gray levels is especially important when dealing with 
color systems. 

*o [0046] A different monitoring and compensating re- 
quirement occurs in the four-OPC EP subsystem in Fig- 
ure 4. In this embodiment, each roller is a photoreceptor 
132a-132d with its own toner dispenser 138a-138d, co- 
rona 1 36a-1 36d and cleaning blade 1 34a-1 34d. The EP 

45 subsystem must monitor each of these separate sta- 
tions and maintain print quality throughout. 
[0047] In order to adjust the operation of the system, 
the EP subsystem must be pre-loaded with software that 
has the capabilities and limitations of the particular pho- 

50 toreceptor, the toner and the devices used in the light- 
imaging system. Additionally, the amounts of the toners 
and the history of each component must be loaded. This 
software allows the user to get toner replaced and their 
system fixed for any problems or anomalies without any 

55 effort on their part. 

[0048] The toner software runs during operation and 
writes the current parameters into non-volatile memory 
as they change. A diagnostics function sends warnings 
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or messages to the user for replacement of toner, com- 
ponents or repair. The non-volatile memory requires 
some sort of battery backup to keep the information 
when the printer is off. The non-volatile memory offers 
additional advantages. 5 
[0049] The main advantage is that when the printer 
does inform the user that it need more toner, for exam- 
ple, the user takes it to a distribution center, where mon- 
itoring units are interfaced with the non-volatile memory. 
The distributer can then see what needs to be replaced io 
or where the problem lies and either send it on to the 
repair center, or possibly even refill it there. Meanwhile, 
the user is given a new or refurbished printer as a re- 
placement, each with its own software unique to it. In 
order to avoid any confusion or possibility of error, the is 
software and the operating parameters are erased as 
soon as the EP subsystem is opened. This avoids any 
possible retention of old system parameters and subse- 
quently possible lower quality printing. The system can 
then be refurbished, reprogrammed and redistributed. 20 
The method for refurbishing is shown in Figure 5. 
[0050] The maintenance process begins when the us- 
er, possibly after being notified by the printer, takes the 
printer, or some component to the dealer. The dealer 
then measures the usage of the system in step 510. This 25 
information is used to update the user profile in step 511 . 
Additionally, in step 511 the dealer receives information 
about the brand name of the component or the system 
that it came from for higher compatibility of replacement 
parts. In step 512 the dealer checks for any error con- 30 
ditions in the software of the printer. 
[0051] The error conditions then dictate the dealers 
actions. In step 513, if the dealer has the capability, he 
or she then repairs or replaces the component that 
caused the error. Any parts that are replaced that are 35 
not repairable are then recycled if possible. If the dealer 
is not capable of remedying the error, the user is given 
a replacement and the damaged part is sent to the dis- 
tributor. In step 514, assuming the dealer could remedy 
the situation, the system is recalibrated with the average *Q 
use and the operating parameters are updated to match 
the new information. At that point, the component or sys- 
tem is returned to the user. 

[0052] If the dealer is unable to handle the problem in 
step 5 1 3, he or she sends it to the distributor for depot- 45 
level repair in step 515. The distributor interrogates the 
system and inspects it to determine the problem and 
identify the best solution. The distributor will replace or 
repair only the minimum necessary in step 516. This 
keeps the system compatibility as high as possible. In so 
step 517, the characteristics of the system are updated. 
Finally, the software resident in the system is updated 
and loaded to show the new components. Additionally, 
at this stage any necessary histories are also loaded. 
As mentioned previously, some components are active 55 
components capable of monitoring and storing their own 
histories. The passive components 1 histories will have 
to be input into the system so the system can monitor 



the use and operating characteristics of those compo- 
nents. 

[0053] Communication between the EP subsystem 
and the system processor and the distributor can be 
achieved in many ways. A particularly convenient way 
would be by way of a hand-held unit. This unit could be 
connected to the printer system by means of a cable 
connector 610 shown in Figure 6. The hand-held unit 
620 could also have the means to communicate without 
wires, such as by optical or other means. A transponder 
could be inserted or attached to the EP subsystem and 
used to communicate between the subsystem and the 
distributor. The old information from the EP subsystem's 
previous system or components would be deleted and 
its new subsystem's or component's parameters en- 
tered. For tracking information or environmental con- 
trols, some resident information may be desired. 
[0054] One additional advantage of the non-volatile 
memory is the capability to track any EP subsystems 
that are improperly discarded. Toner typically has chem- 
ical properties that may be highly toxic and/or environ- 
mentally harmful. Improper disposal of these can result 
in harm to the environment. The non-volatile memory or 
transponder can store a header that identifies the man- 
ufacturer and/or the distributor of these subsystem and 
therefore prevent future damage to the environment, as 
well as provide the names of a responsible party for 
clean up. 

[0055] The above system allows for high-quality print- 
ing with components that are used to the actual, as op- 
posed to calculated, end of their usefulness. The ex- 
tended use, and ease of refurbishing, allows cheaper, 
high quality printing with minimum effort on the part of 
the users. 

[0056] Thus, although there has been described to 
this point particular embodiments of a printing system 
with an intelligent EP subsystem, it is not intended that 
such specific references be considered as limitations 
upon the scope of this invention except in-so-far-as set 
forth in the following claims. 



Claims 

1. A method for calibrating a spatial light modulator 
printing system (110), comprising: 

a) activating all of the elements of a spatial light 
modulator (128) to a predetermined state, 
where said predetermined state is the same 
state for all elements, each time said printing 
system (110) is turned on; 

b) impinging light upon said modulator (128); 

c) monitoring light received from said modulator 
(128) at a sensor, such that elements that are 
defective are identified by discrepancies in the 
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light received from individual elements that is 
different from what was expected from those in- 
dividual elements; and 

d) adjusting the operation of said modulator 5 
(128) to correct any defects in printed image 
caused by said defective elements, using other 
elements in a same column as those defective 
elements. 



Patentanspruche 

1. Verfahren zum Kalibrieren eines einen raumlichen 
Lichtmodulator aufweisenden Drucksystems (110), 15 
umfassend: 

a) Aktivieren samtlicher Elemente des raumli- 
chen Lichtmodulators (128) in einen fur alle 
Elemente gleichen, vorgegebenen Zustand je- 20 
desmal, wenn das Drucksystem (110) einge- 
schaltet wird; 

b) Richten von Licht auf den Modulator (128); 

25 

c) Oberwachen des vom Modulator (128) emp- 
fangenen Lichts an einem Sensor, derart, dali 
fehlerhafte Elemente durch Abweichungen in 
dem von den einzelnen Elementen empfange- 
nen Licht identifiziert werden, welches sich von 30 
dem unterscheidet, was von diesen einzelnen 
Elementen erwartet wurde; und 

d) Richtigstellen des Betriebs des Modulators 

(1 28) zur Korrekturjeglicher Fehler in dem ge- 35 
druckten Bild, die durch die fehlerhaften Ele- 
mente verursacht wurden, unter Verwendung 
anderer Elemente in derselben Spalte wie jene 
defekten Elemente. 



Revendications 

1. Procede d'etalonnage d'un systeme d'impression 
(110) a modulateur spatial de lumiere, comprenant: *5 

a) I'activation de tous les elements d'un modu- 
lateur spatial de lumiere (1 28) dans un etat pre- 
determine, ledit etat predetermine etant le me- 
me etat pour tous les elements, chaque fois que so 
ledit systeme d'impression (110) est branche; 

b) renvoi d'une lumiere sur ledit modulateur 
(129); 

55 

c) le contrdle de !a lumiere recue de la part dudit 
modulateur (128) au niveau d'un capteur, de 
telle sorte que des elements, qui sont defec- 



tueux, sont identifies par des differences con- 
cernant la lumiere regue de ia part d'eiements 
individuels, qui est differente de ce qui etait at- 
tendu de ia part de ces elements individuels; et 

d) I'ajustement de i'operation dudit modulateur 
(128) pour corriger tous defauts presents dans 
Timage imprimee et provoques par lesdits ele- 
ments defectueux, moyennant ('utilisation 
d'autres elements dans la meme colonne que 
ces elements defectueux. 



8 



EP 0 791 863 B1 





I =Z3 

FIG. 3 



9 



EP0 791 863 B1 



POWER 

OFF 
STORAGE 



POWER ON 



TEST LIGHT SOURCE 
AND MAP SIM 



UPOATE 
INFORMATION 



1 



■210 



•211 



TEST TONER 
REMAINING/COMPATIBILITY 



tz-212 

DISCREPANCY 



■4 TONER CHARACTERS1T1CS 



TEST LIGHT 
CHARACTERISTICS 



T 

214 



COMPUTE EXPOSURE 
ANO P ROCESS TIMES 

I 



RECEIVE PRINT OATA 



-217 



-218 



CALCULATE ANO VERIFY 
TONER REQUIRED 



S 

219 



NOT ENOUGH 



USER CHOICE 



PRINT .A PAGE 



UPOATE WEAR/ 
USAGE INFORMATION 



■222 



•223 



NOTIFY USER 



GATHER OATA 



CALCULATE 
RUN-TIME 
PARAMETERS 
=□ 



QUERY USER 



I 



RECEIVE 
RESPONSE 



FIG. 2 



10 



EP 0 791 863 B1 




FIG. 4 



USER • 
k 



510- 



5ll 



5I2- 



513- 



BRINGS COMPONENT 
TO 0EALER 



MEASURE USAGE 
I 



ACCESS USER 
PROFILE ANO BRAND 

1 



CHECK FOR ERROR 
CONDITIONS 

— r — 



REPAIR/REPLACE 
AND RECYCLE 

— r — 



TRACK AVERAGE USE ANO 
CUSTOMIZE PARAMETERS 



514 



FIG. 5 



DEALER • 



DISTRIBUTOR 



515- 



516- 



517- 



518- 



INSPECT ANO 
INTERROGATE 



I 



REPLACE/REFILL ONLY 
WHAT IS REQUIRED 



UPOATE CHARACTERISTICS 



LOAO/UPGRAOE 
SOFTWARE AAO INCLUOE 
NECESSARY HISTORIES 



11 



EP 0 791 863 B1 




12 



